Preventive interventions save lives during the process of chemotherapy for hematologic malignancies, when a hematology laboratory can ensure accurate results. The use of a pneumatic tube system (PTS) is associated with measurement errors and unnecessary transfusions. The aim of this study was to evaluate pre-analytical errors associated with transportation method (PTS versus hand-delivered) and to investigate whether there are unnecessary transfusion events in pancytopenia leukemia patients with very low hematological parameters.
Background
Leukemia and its treatment modalities lead to bone marrow insufficiency. Therefore, during leukemia treatment, platelet (PLT) and red blood cell (RBC) transfusions are frequently required due to anemia and thrombocytopenia. Although improved availability of PLT for transfusion has largely eliminated bleeding [1] , reliable PLT levels may not always be obtained. Patient factors that decrease post-transfusion PLT responses are male gender, splenomegaly, bleeding, fever, infection, disseminated intravascular coagulation, increasing height and weight, or receiving heparin. Also, alloimmunization due to lymphocytotoxin antibodies and ³2 prior pregnancies are associated with this phenomenon. An increasing number of PLT transfusions may induce alloimmunization [2] . Hemolytic and non-hemolytic life-threatening complications (i.e., graft-versus-host disease) may appear in patients with impaired immune systems. A large number of RBC transfusions can also cause iron overload [3] . Avoiding excessive transfusions may also reduce PLT alloimmunization and transfusion complications in the course of disease. Furthermore, leukemia is associated with unacceptable low levels of white blood cells. Granulocyte-colony stimulating factors (G-CSF) may be required. Physicians may be misled by insufficient or unreliabile laboratory results [4] . Reliability of laboratory results depends on avoidance of inaccuracies in preanalytical phases. There are several essential steps in the preanalytical phase, including the relevance of a test request and the correct collection, handling, transport, and storage of the specimen [5] . Maintenance of the optimal conditions for sample transport is important. The pneumatic tube system (PTS) is commonly used to transport blood samples rapidly from hospital inpatient services to the laboratory. If PTS is used properly, some benefits, such as cost efficiency, time efficiency, reduced risk of sample loss, and reduced manpower requirements may be obtained. However, PTS transportation is also associated with some risks, such as in vitro hemolysis and aberrant results for plasma lactate dehydrogenase (LD) [6, 7] . These errors are particularly more likely for leukemic patients with fragile leukocyte membranes [8] . The PTS effects are associated with transportation speed, acceleration and deceleration, spin times at corners, distance to station, and a lack of cushioning [9] [10] [11] . The aim of this prospective study was to assess the potential influence of the use of a PTS for routine hematological tests and determine whether PTS interferes with complete blood cell counts (CBC) and causes unnecessary transfusions.
Material and Method

Study design
We conducted this prospective cross-sectional study in August 2013 in the Training and Research Hospital. The study involved 58 pancytopenia cases with acute leukemia (45 males and 13 females; median age, 46 years; range 28-56 years). We submitted this study to the Internal Review Board and received approval from the local Human Research Ethics Committee. Financial support was received from the Scientific Research Projects Service of Inonu University. All volunteers provided informed consent.
Collection of blood samples
Blood samples were collected from donors between 9 a.m. and 10 a.m. during a one-week period, after a 12-hour fast. All samples were drawn by the same expert phlebotomist nurse who adhered to the recommendations of the Clinical Laboratory Institute (CLSI) [12] . Blood samples were collected from each donor into two pairs of tubes, for a total of four tubes per patient. The blood was collected into 2.0 mL dipotassium (K 2 ) ethylene diamine tetraacetic acid (EDTA) vacuum tubes for complete blood cell count (BD Vacutainer, BD Plymouth, UK). For biochemical assay to evaluate lactate dehydrogenase (LD), aspartate aminotransferase (AST), alanine aminotransferase (ALT), potassium (K), total, conjugated, and unconjugated bilirubin (TB, CB, and UB), the blood was collected into gel-tubes.
Hand-delivered transport procedure
Diagnostic blood specimens were kept in vertical, closure-up position, and hand-carried by the same laboratory staff in a biohazard container at room temperature (20°C) from hematology services to the laboratory. The mean transport duration was nine minutes by walking and escalator from the ninth floor to the ground floor.
PTS transport procedure
The PTS used in our hospital (Pneumatic Tube Systems MP10000, Version 2.3.0; Sumetzberger GmbH, Vienna, Austria) has four subsystems, 43 stations, four corners, and a constant speed of 6 m/second. Our PTS carriers are 160 mm in diameter and 440 mm in length. The carriers are made from plastic and contain sponge-rubber to protect the samples during PTS transportation. In this study, we used the hematology service PTS station on the hospital's top floor, which is the furthest distance from the laboratory (185 meters).
Statistical analysis
Distributional properties of continuous variables were performed using Anderson Darling Test. Mean and standard deviation were used as descriptive statistics for normally distributed variables, while medians (minimum-maximum) were used as descriptive statistics for non-normally distributed variables. Normally distributed variables were compared using one-way ANOVA for groups, and the least significantly differences (LSD) test was employed as a post-hoc test. Non-normally distributed variables were compared using Kruskal-Wallis test and Wilcoxon Rank Sum test was used as a post-hoc test. Different transfusion cutoff values were defined for RBC and PLT in the clinic. Then odds ratios (OR) test was used to analyze unnecessary transfusion.
Results
The patient characteristics, including age, gender, and leukemia type, are summarized in Table 1 . The comparison of results between blood samples delivered to the laboratory by PTS and courier are shown in Table 2 , which contains complete blood counts and biochemical parameters that might be affected by different transportation types. Statistically no significant differences were observed in different cut-off values for HGB levels. PTS suggested a number of 10-unit RBC transfusions, while hand-delivered transportation suggested three transfusions, for a cut-off level of 8.0 g/dL. For this cut-off value, however, the unnecessary transfusion ratio was 23.3% in PTS; no significant difference was found (p=0.085) due to small sample size. Similarly, PTS indicated high numbers of RBC transfusion units for different assigned HGB cut-off values, but there was no significant difference between groups.
For PLT values, transfusion ratios were high and unnecessary transfusion ratios were found to be significantly different for all of the cut-off values in the PTS group. For different HGB and PLT cut-off values, the transfusion indications of the two transportation types is summarized in Table 3 .
Discussion
The pneumatic tube system (PTS) has become a widely used method of transport in hospitals. PTS is a cost-effective method and minimizes delivery delays of patient samples to the laboratory [5, 11] . Published studies showing the potential impact of PTS on different test parameters have identified differences among different types of PTSs. Although the effects of PTS on laboratory results have been well documented in the literature, this is the first report to assess the safety of PTS for patients with very low hematologic parameters. However, eight major studies have investigated the effects of PTS on complete blood count [11, [13] [14] [15] [16] [17] [18] [19] . In a recent study, PTS and manual transportation were investigated using 50 healthy volunteers' blood samples; no clinical impact or statistically significant differences were observed between the two different transport procedures [19] . Although our results are comparable with published literature, the other studies did not look at patient groups with severe cytopenia or investigate whether or not PTS affects the transfusion requirement. However, other study samples were exposed to forces of pressure during transport (i.e., changes in air pressure, shaking, vibrations, and sudden accelerations and decelerations) [11] . WBC count errors in PTS may be affected by fragile leukocyte membranes. Dastych et al. showed that leukemia causes pseudohyperkalemia and was associated with in vitro cellular lysis [8] . Other research has considered how the PTS affects leukemic cells physically [20] . In our study, high LD, AST, and potassium levels in Group 2 (the PTS group) support this consideration. Exposure to physical forces may also have caused reduced PLT count in the PTS group. In the literature, there are publications that support this suggestion. In one study, PTS transport had a significant influence on PLT function [21] . Consistent with this, Hübner et al. showed the effect of a PTS on PLT aggregation using optical aggregometry and the PFA-100 [22] . It is possible that the fast spins at the offsets (pipe corners) may cause PLTs to position closer with each other due to centrifugal force, so that the number of corners may be associated with reduced PLT levels. Also, several factors, such as the amount of blood in the tube, the type of PTS, the distance from collection of the sample to the laboratory, and the cushioning of the transport container, could affect the cell counts [18] . Consequently, further studies should be planned for evaluating the impact of PTS on routine laboratory testing (i.e., coagulation tests) in hematology centers.
Conclusions
In our study, we found that the PTS had a potential effect on routine hematological testing. Blood cell counts in patients with leukemia may be altered by the use of PTS transportation. Because each extra transfusion leads to an increase HGB -haemoglobin; PLT -platelet; PTS -pneumatic tube system. § Red blood cell suspension transfusion suggestions for the cut off value. # Platelet suspension transfusion suggestions for the cut off value. Group1 (a) -number of patients who required transfusion in hand delivered system; Group2 (b) -number of patients who required transfusion in PTS delivered. Da-b (the differences between number of patients who required transfusion in hand delivered system and PTS); % D/a -ratio of unnecessary transfusion number. * Obtained from odds ratio test.
